Volume in portions of the merchantable stem of both pines and hardwoods is becoming increasingly important due to increasing emphasis on extracting the most product from each tree. Effective multiproduct inventory requires methods that can estimate the percent of total tree merchantable volume in any one piece.
Volume in portions of the merchantable stem of both pines and hardwoods is becoming increasingly important due to increasing emphasis on extracting the most product from each tree. Effective multiproduct inventory requires methods that can estimate the percent of total tree merchantable volume in any one piece. Mesavage and Girard (1946) presented a table (Table 1 , page 6), reproduced below as Table 1 , showing percent volume by log position and total merchantable length for 16 ft logs. While a table is useful, it is less flexible than an equation. Also, the table can only accommodate log and onehalf log lengths. The ability to handle shorter segments of the tree, even pieces as small as 1 ft, is needed for multiple products.
Rothacher (1948) and Burkhart et al. (1971) presented equations for predicting the proportion of board foot volume in pieces of the merchantable portion of a tree. Rothacher worked with 16 ft logs, Girard form class, and a taper model to determine volumes. Burkhart et al. used measurements of 8 ft 7 in. sections of loblolly pine (Pinus taeda L.) peeler logs. Both used International 1/4 bd ft volumes.
These equations are very accurate in the situations for which they were developed, but prediction is restricted to the log lengths and units used in the equation development. A less accurate but more general prediction that can be used with any length and any volume unit is presented here.
Methods
A different perspective on Table 1 can be gained by calculating relative height and cumulative percent volume. For example, in a 1 log tree, the first log contains 100% of the volume, relative height is 1, and cumulative percent volume Note: R.G. Oderwald can be reached at (540) Fax: (540) is 100. The first log of a 2 log tree, relative height 0.5, contains 58% of the volume, and the first and second logs together, relative height 1, contain 100% of the volume. The first log of a 3 log tree, relative height 0.333, contains 42% of the volume, the first and second logs, relative height 0.667, contain 75% of the volume, and so on. Cumulative percent volume vs. relative height based on Table 1 is shown in Figure 1 . The relationship between cumulative percent volume and relative height is slightly curved and should be adequately represented by a quadratic equation.
The results of fitting the equation
where Y is cumulative percent volume, h is log height, and H is total number of merchantable logs, are shown in Table 2 . The intercept is not significant and was dropped. The results of fitting the equation without the intercept are also shown in Table 2 . Using the equation without intercept with b 1 = 153.971 and b 2 = -53.551, cumulative percent volume is predicted to be 0 when relative height is 0, but is 100.42 when relative height is 1. Therefore, the equation is not suitable because of the prediction of greater than 100% volume for the entire merchantable bole. However, b 1 is very close to 100 -b 2 , so both boundary conditions can be accommodated if b 1 = 100 -b 2 , b 2 ≤ 0. Equation (1) can be rewritten as
where W = -b 2 . Then, cumulative percent volume will be 0 when relative height is 0, and 100 when relative height is 1. W can have any value and still fulfill the boundary conditions, although percent volume may not be accurately predicted. But, setting W = 50 for the sake of simplicity fulfills the boundary conditions and yields predictions very similar to the fit of Equation (1) without intercept ( Figure  2 ). This value of W is chosen purely for convenience. Fifty is close to the estimated coefficients of Equation (1) fit without intercept where W = -b 2 and b 1 = 100 -b 2 , and the equation is not sensitive to the value of W. The difference in predicted cumulative percent volume from Equation (1) fit without intercept and Equation (2) with W = 50 is only 1.1% when relative height is 0.5. Therefore, specificity for predicting these table values is sacrificed for simplicity.
In the case of Mesavage and Girard, only the table is available as data. However, Burkhart et al. (1971) used International 1/4 bd ft volume measurements from 680 trees to develop equations to predict proportions of tree volume by log position. Logs were 8 ft 7 in. long rather than the 16 ft logs of Mesavage and Girard. Data for 172 of the original trees are still available (Table 3) , providing a total of 795 measurements of percent volume by log position.
The result of fitting Equation (1) with and without the intercept to this data is shown in Table 2 . Again, the intercept is not significant and can be dropped. The regression coefficients from Equation (1) fit without intercept do not fulfill the boundary conditions. Again, setting W = 50 in Equation (2) fulfills the boundary conditions and yields predictions very close to those of Equation (1) fit without intercept.
Equation (2) with W = 50 provides a simple, easy to remember equation that works well with both sources of data. It may also apply in other situations, although this would have to be established. More sophisticated equation forms and coefficient estimation methods may yield a best equation for a particular case, but that equation form and coefficients may not be best in other cases. Therefore, specificity has been sacrificed for wider applicability.
Results and Discussion
Equation (2) can be used to calculate the percent board foot contents of any portion of the merchantable bole in any system of units for measuring log length and for any log length. Relative height yields a proportion regardless of the length units, so 1 ft of a 2 ft piece can be handled as easily as 1 log of a 2 log piece. This overcomes the limitations of other prediction systems such as that of Burkhart et al (1971) .
However, use of relative height and a constant value of W also means that the first foot of a 2 ft piece and the first log of a 2 log piece will have the same predicted percentage of volume. In fact, using Equation (2), any given relative height will have the same predicted percent of volume. This is clearly not true in Mesavage and Girard (1946 , Table 1) , where the first log of a 2 log tree, relative height of 0.5, contains 58% of the volume while the first three logs of a 6 log tree, also relative height of 0.5, contains 67% of the volume. Table 4 displays the differences between observed percent volume in Mesavage and Girard and the predictions from Equation (2). Percent volume in 2 and 3 total log lengths is overpredicted, and percent volume in 5, 6, and 7 total log lengths is under predicted. Table 4 also displays the differences between average observed percent volume for the data from Burkhart et al. (1971) and the predictions from Equation (2). Percent volume in 5 or less total log lengths are overpredicted and percent volume in 7 and 8 total log lengths is slightly underpredicted. Figure 3 displays box plots of cumulative percent volume at relative height of one-half for 2, 4, 6, and 8 log stems. Relative height is fixed at one-half to provide a common reference across log lengths. Percent volume in the lower half of the stem increases as total number of logs increases while the prediction from Equation (2) is constant at 62.5%.
Using W = 50 in Equation (2) does not provide a best fit for any one dataset, but does provide a simple, general equation that can be used for any portion of any total length in any length units. For my purposes, the range of applicability and ease of use far outweigh the loss of specificity for a particular data set.
Conclusion
Equation (2) with W = 50 can be used to predict the percent board foot volume in any portion of a tree bole regardless of total bole and portion length and lengths units. For example, the percent board foot volume between 10 and 11.5 ft of an 18 ft section is 75.4% -67.9%, i.e., the difference between the percent volume to the 11.5 ft distance and to the 10 ft distance, respectively, or 7.5%. The volume of the 18 ft section may be obtained by log rule or volume table. That volume is multiplied by 7.5% to obtain the board foot volume of the 1 1/2 ft piece.
The predicted percent board foot volume is not as accurate as more specialized systems such as those found in Burkhart et al., but ease of use and range of applicability must be weighed against accuracy loss.
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